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摘 要 
尖晶石型正极材料 LiNi0.5Mn1.5O4（LNMO）具有电压平台高、能量密度大等
优点，有希望应用于动力电池。但是 LNMO 存在容量衰减快的不足，特别是在
高温条件下，阻碍了其实际应用。一般认为 LNMO 的容量衰减是由材料中过渡
金属离子的溶解和电极材料与电解液之间的副反应造成的。目前一般采用体相掺
杂和表面包覆两种方法对 LNMO 进行改性。其中表面包覆可简单分为无机包覆
和有机包覆，本论文采用有机包覆的方法对 LNMO 进行改性。首先采用共沉淀
法结合高温烧结法合成原材料 LNMO，然后通过三种不同方法在 LNMO表面包
覆一层导电聚合物。复合材料的电化学性能得到了显著提高，特别是倍率性能和
高温循环性能。 
在第三章中，通过简单热处理的方法在 LNMO 表面包覆一层环化聚丙烯腈
（cPAN）。HR-TEM、EDS和 XRD的表征结果表明 cPAN均匀分布在 LNMO表
面，厚度在 2 ~ 3 nm之间，而且包覆 cPAN的过程不会对本体材料的结构产生破
坏。电化学测试结果表明 cPAN-LNMO的循环性能和倍率性能得到了显著提高。
cPAN-LNMO在 10 C大倍率下的放电比容量高达 116.0 mAh g-1，而 LNMO的仅
为 105.4 mAh g-1。在 55℃高温以 5 C循环 100圈后 cPAN-LNMO的放电比容量
为 112.9 mAh g-1，容量保持率高达 95.2%，而 LNMO的容量保持率仅为 87.8%。 
在第四章中，通过简单湿法在 LNMO 表面包覆三种不同比例的商业化导电
聚合物 PEDOT:PSS。结果表明，包覆量为 3.0 wt%时复合材料 LNMO-3 的电化
学性能最佳。以 5 C 倍率进行 100 次充放电后 LNMO-3 的放电比容量为 116.0 
mAh g-1，容量保持率接近 100%；LNMO-3在 5 C和 10 C大倍率下的放电比容
量分别比 LNMO的高 6.1和 5.8 mAh g-1。在 55℃高温下以 5 C倍率循环 100次
后，LNMO-3的放电容量为 115.6 mAh g-1，容量保持率高达 91.6%。 
在第五章中，通过原位聚合法在 LNMO 表面包覆一层导电聚合物 PEDOT。
结果表面，PEDOT均匀生长在 LNMO表面，厚度在 3 ~ 5 nm之间。以 1C倍率
循环 200圈后，PEDOT-LNMO的放电比容量仍然维持在 121.1 mAh g-1，容量保
持率高达 97.3%，而 LNMO的放电比容量衰减至 112.6 mAh g-1，容量保持率为
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92.8%；PEDOT-LNMO在 5 C和 10 C倍率下的放电比容量分别比 LNMO的高
8.1和 13.9 mAh g-1。 
LMNO 表面包覆导电聚合物后电化学性能得到提高主要归结于两点：一是
导电聚合物可以提高材料的导电性，减小电池的极化，从而提高材料的倍率性能；
二是导电聚合物包覆层可以有效避免正极材料与电解液的直接接触，减少副反应
的产生，从而提高材料的循环性能。 
关键词：有机包覆  LiNi0.5Mn1.5O4  正极材料  锂离子电池 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
III 
 
Abstract 
The spinel LiNi0.5Mn1.5O4 (LNMO) is a promising cathode material for power 
battery due to its high voltage plateau and high energy density. However, LNMO has 
an advantage of rapid capacity decay, especially at elevated temperatures, which hinder 
its practical application. It is generally believed that the capacity decay of LNMO is 
caused by the dissolution of transition metal ions and the side reactions between the 
electrode and the electrolyte. At present, LNMO is mainly modified by two methods: 
bulk doping and surface coating. The surface coating can be divided into inorganic 
coating and organic coating. In this thesis, we use the organic coating method to modify 
LNMO. First, the raw material LNMO is synthesized by coprecipitation method and 
high temperature sintering method. Then, a conductive polymer layer is coated on the 
surface of LNMO by three different methods. The electrochemical properties of the 
composites have been significantly improved, especially the rate performance and the 
cycling performance at elevated temperatures. 
In the chaper 3, the cyclized polyacrylonitrile (cPAN) is coated on the surface of 
LNMO by a simple heat-treatment. The results of HR-TEM, EDS and XRD show that 
the cPAN layer is uniformally coated on the surface of LNMO and the thickness is 
between 2 and 3 nm. The process of coating cPAN does not destroy the structure of 
LNMO. The electrochemical test results show that the cycling performance and rate 
performance of cPAN-LNMO is significantly enhanced. The discharge capacity of 
cPAN-LNMO is up to 116 mAh g-1 at 10 C and that of LNMO is only 105.4 mAh g-1. 
After 100 cycles at 55℃ and 5 C, the discharge capacity of cPAN-LNMO is 112.9 mAh 
g-1 with the capacity retention of 95.2%, while the capacity retention of LNMO is only 
87.8%. 
In the chapter 4, three different proportions of commercialized conducive polymer 
PEDOT:PSS are coated on the surface of LNMO by a simple wet method. The results 
show that the electrochemical performance of the composite LNMO-3 is the best when 
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the coating amount is 3.0 wt%. After 100 cycles at 5 C, the discharge capacity of 
LNMO-3 is 116.0 mAh g-1 with the capacity rention closed to 100%. The discharge 
capacity of LNMO-3 is 6.1 and 5.8 mAh g-1 higher than LNMO at 5 C and 10 C, 
respectively. After 100 cycles at 55℃and 5 C, the discharge capacity of LNMO is 115.6 
mAh g-1 with the capacity retention of 91.6%. 
In the chapter 5, the conductive polymer PEDOT layer is coated on the surface of 
LNMO by a in-situ polymerization method. The results show that the PEDOT is 
homogeneously grown on the surface of LNMO and the thickness is between 3 and 5 
nm. After 200 cycles at 1C, the discharge capacity of PEDOT-LNMO is maintained at 
121.1 mAh g-1 with the capacity retention of 97.3%, while the discharge capacity of 
LNMO is reduced to 112.6 mAh g-1 with the capacity retention of 92.8%. The discharge 
capacity of PEDOT-LNMO is 8.1 and 13.9 mAh g-1 higher than that of LNMO at 5 C 
and 10 C. 
The improved electrochemical performance of LNMO coated with the conductive 
polymer is mainly due to two points: first, the conductive polymer can improve the 
conductivity of the composite and reduce the polarization of the cells, therefore 
improving the rate performance of LNMO. Second, the conductive polymer coating 
layer can effectively avoid the direct contact between the electrode and the eletrolyte, 
and reduce the production of the side reactions, thereby improving the cycling 
performance of the composite. 
Keywords: Organic coating; LiNi0.5Mn1.5O4; Cathode materials; Lithium-ion batteries
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